Two primary defense systems develop in vertebrates, innate and adaptive. Despite those defense systems, the overwhelming problems of possessing this dual system, the innate or adoptive do not seem to guard or even prevent the development of one internal threat to survival, moreover sometimes direct to autoimmunity accompanying hypersensitivity. Further, every individual exposes to the risk of immunodeficiency in daily life with both internal and external stimuli. In this report, we tried to report the suitable menu for regulating the immune system modulate and discuss how we can compare and select each menu by evidence-based manner more than VAS. In a series of investigation, we have assessed the various health promoting menus such as hot spring hydrotherapy, acupuncture & moxibustion, light walking, independent to the western medicine. In this report, we try to summarize the regulatory effect of hot spring hydrotherapy as our representative menu under the influence of hypothalamus system. Their effects of elements were evaluated by the total number of peripheral leukocyte, its subsets, granulocyte and lymphocyte ratio, emotional hormones, receptor positive lymphoid cells. The regulative effects were confirmed also by other menu than hydrotherapy, acupuncture, walking etc. However, just by the simple comparison between the group before and after the hydrotherapy, we cannot exhibit the real regulatory effect by each menu. So we tried to show the effect by trying to indicate the constitution/condition dependent manner. Because the effect was not uniformly to each individual but it was dependent on each condition/constitution before the start of the menu. This is the one of the main proposes of this report for summaries that it is important to regulate the number and levels of each factor as ideal value. In other words, the regulation of each factor affected under the hypothalamus system is regulated with each constitution, under the influence of daily circumstances. The mode of regulation was the same in each menu, indicating that the higher leveler was down regulated and lower leveler was up regulated. Moreover, each vector of change was reversely correlated to the value of the day before. The other purpose of this study was designed to establish the regulatory effect of this hydrotherapy being not limited in the number of leukocyte in peripheral but in the emotional hormones. They were adrenaline and dopamine but not found another hormone for healthy individuals. Hot spring hydrotherapy for a short duration was expected to influence the immune system combining with hormone levels in the blood quantitatively. These hormones were evidenced by adrenalin and dopamine as well as adrenergic receptor positive lymphocytes. The final subject was to confirm and compare the effect of hot spring hydrotherapy and other menu. The reproducible effects were expressed by the linear slant and could compare each other with the value of slope. We tried to discuss the advantage and demerit, how we can compare each medicine with the peripheral leukocyte in number and function.
Introduction
There are two primary systems, innate and adaptive. Despite this defense system the overwhelming problems of possessing this dual system, the innate and adoptive do not seem to guard or even prevent the development of one internal threat to survival, but direct sometimes to autoimmunity accompanying hypersensitivity. However, every individual in the world exposes to the risk of immunodeficiency in daily life with both internal and externals. The factors that influence the acquired immune activity are systemic metabolic disorder such in diabetes mellitus, malnutrition, extreme exhaustion, stress, aging and medical side effect in cancer [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . So we have to select appropriate menu to regulate immune function through leukocyte storage. The menu had been summarized and listed as CAM: complementary and alternative Medicine [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] .
Throughout the world, the phenomenon of the natural hot hydro therapy spawned in the central Asia and East Asia and Europe. Mongolia has a long history of socalled immersion therapy recorded in Chinese or Mongolian medical works. In Gallo-Roman France, a most important number of documents, coins, various china, and votive stones survive from the province of Aquitaine. Even after two thousand years the therapeutic qualities of several mineral hot waters springs of that era are still recognized. This impressive history expands up into Germany, the Netherlands and through the whole of middle and Eastern Europe, extending as far as the well-known bathing centers and customs of Turkey. Japanese geological position on the edge of the Pacific Plate has given its volatile underpinnings, always changing and bursting forth in volcanic and earthquake activity. The legacy of this activity is the plethora of hot springs scattered all through its abundant islands. For centuries, these hot springs have been therapeutic destinations for the islands' inhabitants.
Traditionally, hot spring therapy has its own character and efficacy for various complaints. Through the years, each water source was evaluated for its specific properties and with the advent of better transportation in our mountainous land, even remote springs in the mountains were visited for their specific medicinal effect. For example, the hot spring of Fukatani, which is located just below our research facility, was known all over the area to cure hemorrhoids. However, almost all the judgments of efficacy are VAS (visual analog scale). The proprietors of the hot spring inns say that many of the guests came to cure that sort of ailment since about 20 years ago. Now in Japan, hot spring hydrotherapy is often used as a supplementary therapy for many diseases [24] . It has shown to reduce surgical complaints such as shoulder pain, amyloidosis and various rheumatic problems. It can also lighten the burden to the heart and improve the condition of patients who suffer from emphysema as well as other respiratory ailments. Hot springs have also traditionally functioned as places to relax and enjoy oneself, even though resort-type hot springs always exist along with those for illnesses. In recent years, trends have been seen that even remote hot springs, such as the one below our facility, transform into fashionable resorts for the healthy to visit for relaxation and stress release. It is interesting to note that this historical duplicity encompassed by hot springs has also entered the world of Western medicine as the release of mental stress and physical fatigue has been shown to be essential for good health. Put into other words: the relaxation side of the hot spring promotes prevention, including health enhancement, and the medicinal side, the treatment of illness.
Recently, hot spring hydrotherapy has sparked more and more interest and many objective studies have been established. What is the mechanism of hot spring hydrotherapy that affects humans? It is known that the function of the immune system is closely related to the nervous and endocrine systems, and varies with physical conditions and changes in the surroundings [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . It seems reasonable that hot spring hydrotherapy should also influence the immune system, but so far no objective studies have been made. Finding the answer to this query became the focus of our investigation.
In order to investigate the influence of hot spring hydrotherapy on the immune system, we examined over 20 groups that consisted with 10 -15 individuals/group during 1999-2010. Our results showed that within 24 hours after hot spring hydrotherapy, the white blood cells in peripheral blood had changed significantly, not only in cell count but also cell function. In Japan, centuries of tradition have shown that alternative therapies like hot spring hydrotherapy, acupuncture, and herbal medicine enhance the QOL of empirically healthy individuals. Evidence has been accumulating that this may be the result of immune system regulation. The scientific basis, however, has not yet been established.
In our investigation, we measured the number of leukocyte subsets, granulocyte and lymphocytes regulated before and after hot spring hydrotherapy. The propose of moreover, every individual exposes to the risk of immunodeficiency in daily life with both internal and externals stimuli. In this report, we tried to report the suitable menu for regulating the immune system modulate and discuss how we can compare and select each menu by evidencebased manner more than VAS: visual analog scale.
The major purpose of this script is concerned with the following issues. One is to confirm the effect of hot spring hydrotherapy within a short time is crucial or not. The results showed that these subsets could reflect the number and function of immuno-competent cells. For example, in an individual with a low granulocyte number, the number increased after treatment, while it decreased in another individual with a higher cell number. Our results led us to believe that leukocyte subsets could be an interesting indicator for the evaluation of alternative therapies. Many systems are in place to evaluate Western therapies that aim at healing the symptoms of an illness. However, when the purpose of a therapy is to enhance the QOL of healthy people, such as some alternative medical therapies, it is not widely-accepted. Evaluation system has been established. To fill this lack, we would like to propose the umber and functions of leukocyte subsets as indicators for the evaluation of alternative therapies.
Subjects and Methods

Subjects
We found 12 healthy volunteers (age, 41 ± 15.2 years) and informed consented according to The Ethics Committee of Kanazawa Medical University.
In addition, the hydrotherapy group was further divided into two groups according to the variation after hydrotherapy. After preliminary results showed that a critical change in up and down regulation occurred at around 35 years old, the participants were divided according to age: the younger group was 35 years old and under, and the older group was over 36. According to the percentage of lymphocytes or granulocytes in the total leukocytes, the hydrotherapy group was further divided into two types: subjects whose granulocyte number was over 60% belonged to the G type and those whose lymphocyte number was over 40% belonged to the L type.
Hot Spring Hydrotherapy
We sampled peripheral blood from the 12 volunteers before and after hot hydrotherapy, at the same time on each day, in consideration of circadian rhythm [25] [26] [27] of leukocyte. These subjects participated in this study after giving their informed consent. We conducted the experiment at Chugu Onsen Spa (Oguchi Village, Ishikawa Pref., Japan) in one night of the day. The spring quality is a weak sodium chloride with sodium carbohydrate of the water temperature 41˚C ± 1˚C. During the night and in the morning of the next day, they had a bath in the hot spring two or three times, for 20 -30 minutes in each time. Time interval of blood sampling between before and after hot-spring hydrotherapy was approximately 24 hours. Measurements of the total and differential leucocyte counts and 3 catecholamines levels in the peripheral blood were done (Figure 1) .
We depended on the laboratory of Ishikawa Prefecture Preventive Medicine Association about the total and differential leukocyte counts and the levels of 3 catecholamines (adrenaline, noradrenaline, and dopamine) in the peripheral blood from the subjects. The total and differential leukocyte counts were measured by the automated hematology analyzer XE-2100 (Sysmex, Inc., Kobe, Japan). The levels of catecholamines were measured by high performance liquid chromatography (HPLC) system (Tosoh Co. and Hitachi High-Technologies Co., Japan).
Assessment of Emotional Hormone as by Stander Witness of Short Term Regulation of Peripheral Leukocyte
The analysis of β 2 -AR expressing cells and CD positive cells by FCM was measured by gating in the lymphocytes region on the scattered gram. Figure 2 shows an + cells was approximately 100% (data not shown), but we were not able to be confirmed because it was very likely to be the nonspecific reaction.
The adrenaline and noradrenaline are secreted by various stress (stimulation); the former from the adrenal medulla and the latter from both the adrenal medulla and the end of sympathetic nerve. They express these functions through the adrenergic receptors (ARs) and regulate the target organ. The adrenergic receptor has two types of α and β, and there are multiple subtypes (α 1 , α 2 , β 1 , β 2 , β 3 ) [4] . These subtypes present the vascular (α 1 ), the presynaptic terminal (α 2 ), the heart (β 1 ), the bronchial muscle of the lung (β 2 ), fat cells (β 3 ), respectively. The α-receptor stimulation causes bronchodilatation andvasodila- tation, the β 1 -receptor stimulation causes an increase in heart rate and lipolysis, and the β 2 -receptor stimulation causes bronchoconstriction, vasodilatation, and muscle glycogen resolution. The adrenaline provides heart activation by effect on α-and β-receptors, and the noradrenaline provides blood pressure rises by strongly effect on α-receptors. In addition to the above, it has been reported that the ARs are present on leucocyte membranes [20, 21] and that the level of expression of β-ARs in lymphocytes was examined by radioligand ( 125 I-iodopindolol) binding, but the details of subtype of β-receptors have not been disclosed. The subtypes of the AR are able to be analyzed by flow cytometry (FCM) method. In this study, we described how hot spring hydrotherapy influences leukocyte, lymphocyte subpopulations expressing β 2 -AR and the levels of catecholamine in human peripheral blood.
Assessment of the β 2 -AR Expression in Lymphocyte Subsets by FCM
The whole blood obtained from the subjects by blood collection tube contain an anticoagulant EDTA-2K. 100 μl of whole blood were added the anti β 2 -AR antibody (Santa Cruz Biotechnology, Inc. USA) of the primary antibody and were incubated for 30 minutes at 4˚C. Mouse IgG 1 -isotype control antibody was used as negative controls. After two times washing by phosphate buffered saline solution (PBS, pH 7.2), the samples were added biotin-labeled goat anti-mouse IgG 1 antibodies (Santa Cruz Biotechnology) as a secondary antibody and were incubated for 30 minutes at 4˚C. After washing with PBS, the suspensions were added phycoerythrin (PE)-conjugated streptavidin (Beckman Coulter Inc. France) and fluorescence monoclonal antibody: peridinin chlorophyll protein-cyanin 5.5 (PerCP-Cy5.5)-conjugated CD3, fluorescein isothiocyanate (FITC)-conjugated CD4, FITCconjugated CD19 (each Becton Dickinson Co. USA), allophycocyanin (APC)-conjugated CD8, and APC-conjugated CD56 (each Beckman Coulter). The negative controls were added PE-conjugated streptavidin and the isotype control antibodies to the CD antibodies. After incubation for 30 minutes at 4˚C, these samples were hemolyzed using a 10-times dilution FACS Lysing Solution (Becton Dickinson). After washing with PBS, the cell suspensions were fixed using a 10-times dilution CellFIX (Becton Dickinson) and analyzed by flow cytometer FACS Caliber (Becton Dickinson) [27] [28] [29] .
Statistical Analysis
The statistical comparisons between two groups (before and after hot-spring hydrotherapy) for the test of significant difference were performed using paired t-test and wilcoxon signed-ranks test. Further, the test of the correlation was performed a spearman's correlation coefficient by rank test. Data are expressed as means ± standard error of mean (SE). A p value < 0.05 was considered to be statistically significant.
Results
Twenty-Four Hours Change of Total Peripheral Leukocyte Count on the Basis of Each Individual
Each volunteer prepared their blood before start to visit hot spring village after informed consented to the experimental purpose by written Ethics of the Committee in Kanazawa Medical University. After lodging the hotel, volunteers enjoyed Japanese type hot spring bath system, with no under wear in the bath room/pool separately prepared for ladies and gentleman. We suggested to take a bath totally 2 -3 times within two days for the aim of trial. Beside the advance of VAS: visual analog scale in our investigation, we measured the total number of leukocyte and two major subsets, granulocyte and lymphocytes regulated before and after hot spring hydrotherapy. We tried to express the effect of peripheral total leukocyte number by individual level of change and plot in the x-axis as in each age. As was in Figure 3 , the groups were separated into two, up-regulated individuals and down-regulated one. The correlation of change was expressed as a linear function. Figure 3 was ideal change of effect with hot spring hydrotherapy, showing the best inclination. The results showed that these subsets could reflect the number and function of immuno-competent cells. For example, in an individual with a low granulocyte number, the number increased after treatment, while it decreased in another individual with a higher cell number (Figure 3) .
We sampled peripheral blood from the 12 volunteers before and after hot sand/hydro therapy, at the same O'clock on the day, with the respect of circadian rhythm [25, 27] of leukocyte. These subjects participated in this study after giving their informed consent. We conducted the experiment at Chugu Onsen Spa (Oguchi Village, Ishikawa Pref., Japan) in one night of the day. The spring quality is a weak sodium chloride with sodium carbohydrate of the water temperature 41˚C ± 1˚C. During the night and in the morning of the next day, they had a bath in the hot spring two or three times, for 20 -30 minutes each time. Hot sand spa had performed and bathing for 40 min. Time interval of blood sampling between before and after hot-spring hydrotherapy was approximately 24 hours. Measurements of the total and differential leukocyte counts and 3 catecholamines levels in the peripheral blood are done. We ordered on the laboratory of Ishikawa Prefecture Preventive Medicine Association about the total and differential leukocyte counts and the levels of 3 catecholamines (adrenaline, noradrenaline, and dopamine) in the peripheral blood from the subjects. The total and differential leukocyte counts were measured by the automated hematology analyzer XE-2100 (Sysmex, Inc., Kobe, Japan). The levels of catecholamines were measured by high performance liquid chromatography (HPLC) system (Tosoh Co. and Hitachi High-Technologies Co., Japan).
Twenty-Four Hours Change of Leukocyte Counts on the Bases of Group Comparison between Pre/Post Hydrotherapy
Despite the expression in the section 3.1., when we tried to explain these values into the grouped value before and after the hydrotherapy, we got only one positive result from the granulocyte change that was the major population of peripheral leukocytes. The other factor did not exhibit as positive result (Figure 4) . The total and differential leukocyte counts in the peripheral blood of 12 subjects tended to decrease after hotspring hydro-therapy. The statistically significant result only obtained that the granulocyte counts significantly decreased (p < 0.05). Another minor group lymphocyte did not changed significantly by judging from simple sum up and made average (Figure 4). 
Emotional Hormones Also Regulated with Condition/Constitution Dependent Manner
We had been observed the reputational effect of hydrotherapy could be evidenced within a short period. But the possibility still remain that the leukocyte change was happen to emerge for the dairy life as accidental factor, such as stress and so on. In order to avoid such possibility, then we tried to show the change of the peripheral leukocyte number was the result of another network system of the inner system such as peripheral leukocyte, endocrine and brain system. We sampled peripheral blood from the 12 volunteers before and after hot sand/hydro therapy, at the same time on the next day, with the respect of circadian rhythm (of leukocyte [25] [26] [27] . These subjects participated in this study after giving their informed consent. We conducted the experiment at Chugu Onsen Spa (Oguchi Village, Ishikawa Pref., Japan) in one night of the day. The spring quality is a weak sodium chloride with sodium carbohydrate of the water temperature 41˚C ± 1˚C. During the night and in the morning of the next day, they had a bath in the hot spring two or three times, for 20 -30 minutes each time. Time interval of blood sampling between before and after hot-spring hydrotherapy was approximately 24 hours. Measurements of the total and differential leukocyte counts and 3 catecholamines levels in the peripheral blood (Figures 2  and 5 
)
The adrenaline and noradrenaline are secreted by various stress (stimulation); the former from the adrenal medulla and the latter from both the adrenal medulla and the end of sympathetic nerve. They express these functions through the adrenergic receptors (ARs) and regulate the target organ. The adrenergic receptor has two types of α and β, and there are multiple subtypes (α 1 , α 2 , β 1 , β 2 , β 3 ) [21] . These subtypes present the vascular (α 1 ), the presynaptic terminal (α 2 ), the heart (β 1 ), the bronchial muscle of the lung (β 2 ), fat cells (β 3 ), respectively. The α-receptor stimulation causes bronchodilatation and vasodilatation, the β 1 -receptor stimulation causes an increase in heart rate and lipolysis, and the β 2 -receptor stimulation causes bronchoconstriction, vasodilatation, and muscle glycogen resolution. The adrenaline provides heart activation by effect on α-and β-receptors, and the noradrenaline provides blood pressure rises by strongly effect on α-receptors. In addition to the above, it has been reported that the ARs are present on leucocyte membranes [22] [23] [24] and that the level of expression of β-ARs in lymphocytes was examined by radioligand ( 125 I-iodopindolol) binding, but the details of subtype of β-receptors have not been disclosed. The subtypes of the AR are able to be analyzed by flow cytometry (FCM) method. In this study, we described how hot spring hydrotherapy influences leukocyte, lymphocyte subpopulations expressing β 2 -AR Thyoid Hormones age age T4(μg/dl) T3(ng/ml) age TSH(μU/ml) Figure 5 . The constitution dependent analysis for (adrenaline and dopamine). Each spot were obtained from the calculation comparing relative value from before and after levels in the serum, catecholamines levels in the peripheral blood relative value 1 shows no change before and after the menu. The constitution dependent analysis, the detail change and vector of each change could find from individual data, showing higher value volunteer down regulated much more than lower leveled one.
CD Positive Lymphocytes Correlate with Serum Adrenaline Level, as a Result of the Regulation by Hot Spring Hydrotherapy
The analysis of CD positive cells by FCM was measured by gating in the lymphocytes region on the scattered gram. Figure 6 shows an example analysis. Nonspecific reaction of the PE fluorescence was found in the isotype control. Therefore, the real values of the AR expressing cell counts were calculated by subtracting the control values. The CD19 + cells were observed nonspecific reaction, which seems to response of the second antibody. The comparison of each lymphocyte subpopulations before and after hot spring hydrotherapy showed that the CD8 + cell and CD56 + cell counts tended to increase (Figures 5 and 7) . However, the significant variation was not seen from the comparison of β 2 -AR expressing cells before and after hot-spring hydrotherapy. The mean % of β 2 -AR expressing cells in the lymphocyte subsets was 18% -19% in CD3 + cells, 5% in CD4 + cells, 57% -63% in CD8
+ cells, and 93% -95% in CD56 + cells. That in CD19 + cells was approximately 100% (data not shown), but we were not able to be confirmed because it was very likely to be the nonspecific reaction (Figures 6, 8 and 9) . We examined the correlation with the rate of change in adrenaline levels and the rate of change in β 2 -AR expressing cell counts of each subset or that in each CDpositive cell counts before and after hot-spring hydrotherapy. In the CD-positive cells, the rate of change in adrenaline levels was a positive correlation with that in the levels of CD56 + cells, CD8 + cells, and CD3 + cells; in particular, a correlation with CD56 + and CD8 + cells was high ( Figure 5) . In β 2 -AR expressing cells, the rate of change in adrenaline levels was a positive correlation with the rate of change in the levels of β 2 -AR + CD56
+ cells (Figures 8 and 10) . These results suggested that the variation in adrenaline levels is correlated with CD56 + cells.
β 2 -AR + Receptor Positive Lymphocytes Correlate with Adrenaline Level, as a Result of the Regulation by Hydrotherapy
The adrenaline and noradrenaline are secreted by various stress (stimulation); the former from the adrenal medulla and the latter from both the adrenal medulla and the end of sympathetic nerve. They express these functions through the adrenergic receptors (ARs) and regulate the target organ. The adrenergic receptor has two types of α and β, and there are multiple subtypes (α 1 , α 2 , β 1 , β 2 , β 3 ) .
These subtypes present the vascular (α 1 ), the presynaptic terminal (α 2 ), the heart (β 1 ), the bronchial muscle of the lung (β 2 ), fat cells (β 3 ), respectively. The α-receptor stimulation causes bronchodilatation and vasodilatation, the β 1 -receptor stimulation causes an increase in heart rate and lipolysis, and the β 2 -receptor stimulation causes bronchoconstriction, vasodilatation, and muscle glycogen resolution. The adrenaline provides heart activation by effect on α-and β-receptors, and the noradrenaline provides blood pressure rises by strongly effect on α-receptors. In addition to the above, it has been reported that the Copyright © 2013 SciRes.
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ARs are present on leucocyte membranes and that the level of expression of β-ARs in lymphocytes was examined by radioligand ( 125 I-iodopindolol) binding, but the details of subtype of β-receptors have not been disclosed. The subtypes of the AR can be analyzed by flow cytometry (FCM) method. In this study, we described how hot spring hydrotherapy influences leukocyte, lymphocyte subpopulations expressing β 2 -AR and the levels of catecholamine in human peripheral blood.
The analysis of β 2 -AR expressing cells and CD positive cells by FCM was measured by gating in the lymphocytes region on the scattered gram. Figure 2 shows an example analysis. Nonspecific reaction of the PE fluorescence was found in the isotype control. Therefore, the real values of the AR expressing cell counts were calculated by subtracting the control values. The CD19 + cells were observed nonspecific reaction, which seems to response of the second antibody. The comparison of each lymphocyte subpopulations before and after hot spring hydrotherapy showed that the CD8 + cell and CD56 + cell counts tended to increase (Figures 5 and 7) . However, the significant variation was not seen from the comparison of β 2 -AR expressing cells before and after hot-spring hydrotherapy. The mean % of β 2 -AR expressing cells in the lymphocyte subsets was 18% -19% in CD3 + cells, 5% in CD4 + cells, 57% -63% in CD8 + cells, and 93% -95% in CD56 + cells. That in CD19 + cells was approximately 100% (data not shown), but we were not able to be confirmed because it was very likely to be the nonspecific reaction.
We examined the correlation with the rate of change in adrenaline levels and the rate of change in β 2 -AR expressing cell counts of each subset or that in each CDpositive cell counts before and after hot-spring hydrotherapy. In the CD-positive cells, the rate of change in adrenaline levels was a positive correlation with that in the levels of CD56 + cells, CD8 + cells, and CD3 + cells; in particular, a correlation with CD56 + and CD8 + cells was high ( Figure 5) . In β 2 -AR expressing cells, the rate of change in adrenaline levels was a positive correlation with the rate of change in the levels of β 2 -AR + CD56 + cells. These results suggested that the variation in adrenaline levels is correlated with CD56 + cells (Figures 6 and   8 ).
Discussion
Acquired Immunodeficiency in Daily Life
Every creature in the world including human exposes to the risk of immunodeficiency in daily life [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . The factors that influence the acquired immune activity are systemic metabolic disorder such in diabetes meritus, malnutrition, extreme exhaustion and stress, senile and side effect by in cancer. So we have to select daily an appropriate menu to regulate immune function through leukocyte storage. The menu had been summarized and listed as CAM: complementary and alternative Medicine. One of the major menu is TCM in western medicine world, some trying o integrate Western Medicine and Eastern Medicine.
We have been trying to regulate the immune responsiveness through much mature for fragile daily condition from circumstance stress and so on. The main menu were, acupuncture, hot-spring hydrotherapy, light exercise etc. In this article, we would like to show the regulatory mechanism of the hot spring hydrotherapy. The circumstance, the balneotherapy using the effectiveness of hotsprings hydrotherapy, except for cases of contraindication, has been medically useful approved to be effective in many stress-related disorders and the improvement of dysfunction of the biological rhythm disturbance as well as chronic disease. The mechanism of effects has been reported in many studies, but many things are still unclear. Balneotherapy needs to be treated in general a period of time, but the effectiveness has been suggested even if the short duration hot-springs hydrotherapy. We examined the effect of hot spring hydrotherapy for a short duration on immune system and reported about the quantitative and qualitative variation of immuno-competent cells [13, 14, 18, 20] . The mechanism is suggested the association with an autonomic nervous system and the endocrine system. Hot spring hydrotherapy for a short duration was expected to stimulate sympathetic nerve or parasympathetic nerve and to change the levels of catecholamines (adrenalin, noradrenaline, and dopamine), which are neurotransmitters and hormones, as well as the number and function of immune cells.
The Constitution/Condition Dependent Regulation of Hot Spring Hydrotherapy
Our results showed that within 24 hours after hot spring hydrotherapy, the white blood cells in peripheral blood had changed significantly, not only in cell count but also cell function. We hope that our work will attract more attention to the mechanisms of which hot spring hydrotherapy regulates the human immune system. Abo reported that according to the lymphocyte subset content, lymphocyte rich type showed over 40% on the other hand granulocyte rich type show over 60% of granulocyte [25, 26] . Each type exhibited different character even in the same age, sexuality and each age. In the figure, within the same age and the sex, even in mankind can sorts out as G-rich type (granulocyte 60%), and L-rich type (lymphocyte 40%). On the other hand, as a stand point of sex difference, the lady belongs to L-rich type but the gentleman belongs G-rich type. According to the age-related change, G-rich type of young man changes to L-rich type according getting older. We have been trying to regulate the immune responsiveness through much mature for fragile daily condition from circumstance stress and so on. The main menus were, acupuncture, hot-spring hydrotherapy, light exercise etc. In this article, we would like to show the regulatory mechanism of the hot spring hydrotherapy. The circumstance, the balneotherapy using the effectiveness of hotsprings hydrotherapy, except for cases of contraindication, has been medically useful approved to be effective in many stress-related disorders and the improvement of dysfunction of the biological rhythm disturbance as well as chronic disease. The mechanism of effects has been reported in many studies, but many things are still unclear. Balneotherapy needs to be treated in general a period of time, but the effectiveness has been suggested even if the short duration hot-springs hydrotherapy. We examined the effect of hot spring hydrotherapy for a short duration on immune system and reported about the quantitative and qualitative variation of immuno-competent cells [4, 13, 14, 18, 20] . The mechanism is suggested the association with an autonomic nervous system and the endocrine system. Hot spring hydrotherapy for a short duration was expected to stimulate sympathetic nerve or parasympathetic nerve and to change the levels of catecholamines (adrenalin, noradrenaline, and dopamine), which are neurotransmitters and hormones, as well as the number and function of immune cells.
The adrenaline and noradrenaline are secreted by various stress (stimulation); the former from the adrenal medulla and the latter from both the adrenal medulla and the end of sympathetic nerve. They express these functions through the adrenergic receptors (ARs) and regulate the target organ. The adrenergic receptor has two types of α and β, and there are multiple subtypes (α 1 , α 2 , β 1 , β 2 , β 3 ) [21] . These subtypes present the vascular (α 1 ), the presynaptic terminal (α 2 ), the heart (β 1 ), the bronchial muscle of the lung (β 2 ), fat cells (β 3 ), respectively. The α-receptor stimulation causes bronchodilatation and vasodilatation, the β 1 -receptor stimulation causes an increase in heart rate and lipolysis, and the β 2 -receptor stimulation causes bronchoconstriction, vasodilatation, and muscle glycogen resolution. The adrenaline provides heart activation by effect on α-and β-receptors, and the noradrenaline provides blood pressure rises by strongly effect on α-receptors. In addition to the above, it has been reported that the ARs are present on leucocyte membranes [21] [22] [23] [24] and that the level of expression of β-ARs in lymphocytes was examined by radioligand ( 125 I-iodopindolol) binding, but the details of subtype of β-receptors have not been disclosed. The subtypes of the AR are able to be analyzed by flow cytometry (FCM) method. In this study, we described how hot spring hydrotherapy influences leukocyte, lymphocyte subpopulations expressing β 2 -AR and the levels of catecholamine in human peripheral blood.
Abo reported that according to the lymphocyte subset content, lymphocyte rich type showed over 40% on the other hand granulocyte rich type show over 60% of granulocyte. Each type exhibited different character even in the same age, sexuality and each age.
In the figure, within the same age and the sex, even in mankind can sorts out as G-rich type (granulocyte 60%), and L-rich type(lymphocyte 40%).
On the other hand, as a standpoint of sex difference, the ladiy belongs to L-rich type but the man belongs Grich type. According to the age-related change, G-rich type of man changes to L-rich type within the same sex (Figure 11 ).
The Factor Circadian Rhythm
In order to assess correctly the changes after the menu, it is important to conscious of circadian rhythm. Abo reported that it was possible to sort the constitution, granulocyte-rich individual and lymphocyte-rich one with the peripheral leukocyte [25, 26] .
Each population of subset is depending on a circadian rhythm. Within a same individual, granulocyte increase in the daytime, on the other hand, lymphocyte increased in the nighttime in a cycle 24 hrs. So we have to compare the effect of each menu for the peripheral leukocyte on the same time before and after the menu.
It were reported that the leukocyte subset, granulocyte and lymphocyte regulated by various factors. One major point is that they are regulated by autonomous nervous system, resulting in circadian rhythm [25, 27] . Therefore, in order to access the effect within a short time, it is necessary to consider this factor to adjust the time to collect the sample. For example, efficacy and impact of walking exercise have been widely recognized. However, the majority of walkers did not have a scientific background to know the best exercise menu for the one QOL; quality of life. The purpose of this study was to demonstrate the best menu of walking that regulates the peripheral white blood cells in number and function as a marker of QOL expression.
Suggested Expression of Efficacy in Each Menu for Comparison
Traditionally, each heat therapy has its own character and efficacy for various complaints. Through the years, each water source was evaluated for its specific properties and with the advent of better transportation in our mountainous land, even remote springs in the mountains were visited for their specific medicinal effect. For example, the hot spring of Fukatani, which is located just below our research facility, was known all over the area to cure hemorrhoids. However, almost all the judgments of efficacy are VAS (visual analog scale). The proprietors of the hot spring inns say that many of the guests came to cure that sort of ailment since about 20 years ago. Now in Japan, hot spring hydrotherapy is often used as a supplementary therapy for many diseases [28] [29] [30] . It has been shown to reduce surgical complaints such as shoulder pain, amyloidosis and various rheumatic problems. It can also lighten the burden to the heart and improve the condition of patients who suffer from emphysema as well as other respiratory ailments. Hot springs have also traditionally functioned as places to relax and enjoy oneself, even though resort-type hot springs always exist along with those for illnesses. In recent years, trends have been seen that even remote hot springs, such as the one below our facility, transform into fashionable resorts for the healthy to visit for relaxation and stress release. It is interesting to note that this historical duplicity encompassed by hot springs has also entered the world of Western medicine as the release of mental stress and physical fatigue has been shown to be essential for good health [31] [32] [33] . Put into other words: the relaxation side of the hot spring promotes prevention, including health enhancement, and the medicinal side, the treatment of complains and illness [13] [14] [15] [16] [17] [18] [19] [20] .
Conclusions
We have measured the number of leukocyte subsets, granulocyte and lymphocyte ratio after hot spring hydrotherapy. The conclusions were as following: 1) Hot spring hydrotherapy for a short duration proved to regulate the total number of peripheral leukocyte.
2) Hot spring hydrotherapy for a short duration proved to regulate the ratio of leukocyte subsets, granulocyte/ lymphocyte.
3) The emotional hormones, adrenaline & dopamine also regulate in the serum level.
4) The mode of change was constitution/condition dependent manner. The adrenalin and dopamine were also regulated by heat therapy.
5) The quantitative effect of hot spring hydro therapy on the regulatory effects of leukocyte and β 2 -adrenergic receptors (β 2 -ARs) positive lymphocyte.
6) It was also proved by the β 2 -AR of lymphocyte subsets by combining with fluorescent monoclonal antibodies (CD3, CD4, CD8, CD19, and CD56) for flow-cytometry and changed correlatively to adrenaline level.
7) The expression is possible as linear function and slant.
